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Abstract 
In recent years, the number of high-rise building fire keeps high and the fires are threatening the people’s lives and properties seriously. 
According to current situation on the high-rise building fires, the fire accident was deduced and analyzed using the accident tree analysis 
method and the principal theory of safety system engineering; the primary causes of fire accident were showed in detail, the important 
degree of the basic incidents were arranged. Based on the result, the countermeasures were explained from technology and management 
methods, which provide a security for the high-rise building fires. Moreover, the fire evacuation is discussed when the fires in the high-
rise building happen. Lastly, the stairs and elevator evacuation model is proposed. 
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1. Introduction 
In recent years, with the rapid increase in the number of high-rise buildings the harm of the high-rise building fires to the 
lives and properties becomes serious; though the government and fire departments the supervision and inspection to the 
high-rise buildings were strengthened, fire accidents situation of the high-rise building were not improved greatly. 
According to statistics [1-3] from 2007 to 2009, there are 2040 high-rise building fires which lead to 50 death and 25 injured. 
Moreover, the major fires of the high-rise building occur from time to. For example, on February 9, 2009, in Beijing CCTV 
subsidiary Cultural Center site fire of new site park construction a fireman was died, six fire fighters were injured and the 
direct economic losses amounted to 163.83 million Yuan; on November 25, 2010, 58 people were killed and more people 
injured in Shanghai teachers apartment fire. From the cases the great harms can be found in the high-rise building fires, so 
the research on the causes of the high-rise building fires should be increased, by which the occurrence and development of 
the internal mechanism, the development of effective fire evacuation plan can be investigated, and the research results can 
reduce the possibility of fires and fire threat to people's lives and properties. 
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Firstly, the reasons of the high-rise building fires are analyzed in this article; on the basis of in-depth understanding of the 
characteristics of the high-rise buildings, the various factors and aspects of the fire are considered and the fault tree is 
showed; then the importance degree of the events is arranged, the fundamental strategies and advice are given from the two 
aspects of technology and management using the results of the importance degree, which can decrease the occurrences of 
the basic events. Moreover, the novel stairs and elevator evacuation model with new running rules is proposed in order to 
improve the evacuation efficiency of the high-rise buildings. 
2. The fault tree analysis on the high-rise building fires 
2.1. Preparation of the fault tree 
Fault Tree Analysis, which is also known as fault tree analysis (FTA, Fault Tree Analysis), can not only analyzed from 
the direct cause of the specific accident [6], but also find the basic causes of the accident through step-by-step analysis and 
showed the main causes of the fire accident. And in the high-rise building there are a lot of fire hazard elements, which can 
easily result in the major fires. Based on these, each fire hazard factors on the high-rise building are analyzed using the fault 
tree analysis method, and the importance degree is achieved by the qualitative calculations. Fig 1 is the Fault tree analysis 
diagram on the high-rise building. 
In figure 1, the high-rise building fires are defined as the top event. The fault tree analysis diagram is finished in 
accordance with the analytical procedure of the fault tree.            
                                

Fig.1. Fault tree analysis diagram of the high-rise building fire 

2.2. Fault tree minimal cut sets and importance degree analysis 
The Boolean algebra simplification method is used for calculation of minimal cut sets, the calculation process is: 
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By calculation the twelve minimal cut sets are: 
 
{X1ˈX2ˈX3ˈX6}ˈ{X1ˈX2ˈX4ˈX6}ˈ{X1ˈX5ˈX6}ˈ{X1ˈX2ˈX3ˈX7}ˈ{X1ˈX2ˈX4ˈX7}ˈ{X1ˈX5ˈX7}ˈ{X1ˈX2ˈX3ˈX8}ˈ{X1ˈX2ˈX4ˈ
X8}ˈ{X1ˈX5ˈX8}ˈ{X1ˈX2ˈX3ˈX9}ˈ{X1ˈX2ˈX4ˈX9}ˈ{X1ˈX5ˈX9}. 
Then the importance degree of the basic events is: 
 
)4()3()2()5()1()9()8()7()6( IIIIIIIII  !!!!   IIIIIIIII  
 
By the fault tree analysis, these can be found: when the high-rise building fire accidents happens, the fire fighting and 
rescue plays an important role, due to the high-rise buildings with the objective fire hazard factors; however, it is difficult to 
avoid the fires completely. So the effectiveness in the fire fighting and rescue force combat should be strengthened, such as: 
ensure the timely alarm and sent out the police force quickly after the fire broke out; increase the training to improve the 
combat effectiveness; the government departments should give support to improve fire fighting and rescue equipment from 
the financial resources. 
In addition, self-help and protection should also be given great importance for avoiding the fire’s development the fire 
should be extinguished in the early stages. When the fire’s development is the top event (Figure 2), the further fault tree 
analysis shows that the minimum cut set is: 
 
{X1, X2, X3}, {X1, X2, X4 }, {X1, X5} 
 
The order of the importance degree is: 
 
 IΦ (1)> IΦ (5) >IΦ (2)> IΦ (3) =IΦ (4)  
 
 
Fig.2. Fault tree analysis diagram of fire’s development 
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3. Prevention strategies on the high-rise building fire accident  
Through the above analysis, the reasons of a fire accident can be divided into two aspects: the safety technology and 
management; the occurrence probability of the fire accident will be decreased if the two aspects can be done well, and 
improve safety performance. The following gives the brief analysis from the two aspects.  
(1) Safety technology 
From the nine fundamental events in the fault tree it can be found: the four factors X1, X2, X5 and X7 are related to the 
security level of technical equipment, we can solve the question by improving the technical level of the automatic sprinkler 
system, auto alarm systems, fire equipment, rescue equipment, and it is hoped that the fire can be detected and controlled 
from the technical aspect. In addition, local governments and fire departments should be updated to improve the mechanism 
of the formation of a fire-fighting equipment to meet the needs of the fire fighting and rescue. 
 (2) Safety management 
In fundamental events, X3, X6 and X9 are relate to the level of safety management, the three aspects can be resolved 
through the improvement of education rules and regulations, which can decrease duty dereliction and alarm detention, put 
an end to mistakes caused by careless and lucky psychology; fire brigade can improve the ability to deal with the high-rise 
building fires and rescue standards through the tactical training for effective control of the fire accident; At the same time, it 
is necessary to form the detection system of the fire equipment, that can ensure more effective operation of the equipment. 
4. Evacuation discussion on the stairs and elevator evacuation model  
Despite fire prevention effort is increased by fire department, it is difficult that the fire is avoided absolutely. From 
current situation on the high-rise building fires, the fire accidents will result in the huge casualties and economic losses. So  
it is necessary to discuss the evacuation on the high-rise building, and the elevator has many advantages such as: shorter 
distance, less evacuation time, less physical energy loss, that  have great significance to solve evacuation problem on the 
high-rise building. Then the stairs and elevator evacuation model is proposed by the study and analysis. 
4.1. Elevator feasibility analysis for evacuation 
The elevator is a vertical transport, which is developed with the high-rise buildings. As we all know, there is a certain 
risk in the course of use of the elevator, even it is likely to lead to greater casualties; so the elevator is not designed as a tool 
for safe evacuation in the fire; if the fire happens the people should select to use the stairs for safe evacuation. However, 
anything is not static, with the progress of society, the high-rise buildings becomes more and more and the elevator 
performance becomes even better, the use of the elevator has certain feasibility under fire conditions. In fact, as long as the 
elevator can operate normally, some of the people may select it to evacuate; and up to now there are many successful cases 
in that the elevators are used to evacuate many people. Furthermore, the elevators have its advantages to evacuation, the 
main aspects are as follows. 
 (1) The elevators will be selected by many people when the fire happens, because elevators are often used as a transport 
method in the high-rise building in the daily life;  
(2) The spatial distance of stairs evacuation is longer, the costly physical energy is larger, and the stairs evacuation time 
is longer;  
(3) The elevator is suitable for special populations (such as the old, weak, sick, disabled) evacuation.  
Of course, many issues should be considered and more work needs to be done for the elevator evacuation. For example, 
the elevator properties and the using scheme of the elevator. 
4.2. Basic conditions on elevator evacuation 
(1) The relationship between elevator running and the stage of fire development 
According to the characteristics of indoor fire temperature with time, the fire development process can be divided into 
three stages [7]: fire early stage; fire developing stage; fire extinguishing stage. The fire early stage has the following 
features: the area of fire burning is small, and fire is limited to the vicinity of the initial fire point; The indoor temperature is 
difference: the temperature is high in the combustion area and its vicinity, and the other indoor temperature is low; fire slow 
pace of development in the development process instability of the fire; fire development velocity is slow; the fire 
development is influenced due to the ignition source, combustible material nature and distribution of ventilation conditions. 
So according to the characteristics of the early stage, the stage is the most favorable opportunity for fire fighting and fire 
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evacuation, and it is also the most reliable period; in the second stage of fire development, the use of the elevator is a big 
risk. 
(2) Alarm system in elevator atria 
The elevator hasn’t the functions on the fireproofing and smokeproofing, to avoid the influence of smoke and gas, the 
fireproof door and fire roller shutter should be installed in elevator atria, which can restrain the diffusion in the elevator 
shaft. Meanwhile, the fire detector on smoke and temperature should be equipped in the right location of elevator atria; the 
detector can alarm when the smoke and gas is diffused into the elevator atria, then the elevator will stop to evacuation. The 
positive pressure ventilation can be used to prevent the diffusion in the elevator atria [8-10]. The elevator itself does not 
have the performance of fire and smoke, the fire alarm system has been an important condition to guarantee the operation of 
the elevator, so we must attached importance to the alarm system. 
(3) Operation rules of the elevator in the fires 
Operation of the elevator in the fires should be different from the usual operation mode, and the new group control 
algorithm has to be induced to achieve the most effective evacuationˈand two elevator operation modes are given. Mode 
one: The elevator stops at a higher layer, all of people above that select the elevator for evacuation, the others select the 
stairs; if the elevator evacuation time is equal to the stairs evacuation time, the evacuation efficiency of the high-rise 
building is the highest, the total evacuation time is the shortest. Mode two, in daily life the people in the sixth floors and 
blow are accustomed to use the stairs; otherwise, the people in seventh floors and above are accustomed to use the elevator. 
For this reason we advised that a certain proportion people seventh floors and above select the elevator to evacuate, and the 
others in the high-rise building select stairs; when the stairs evacuation time and the elevator evacuation time are the same 
for the certain selected proportion, the evacuation efficiency is the highest. In addition, if the elevator cannot be filled at 
certain floor the elevator will stop in the next floor, and the others remove to the next floor. 
5. Conclusions  
By analyzing the fault tree on the high-rise building fires, the root causes are indicated, and the recommendations on the 
fire prevention are proposed based on the results of the analysis. Specific conclusions are as follows. 
 (1) The influencing factors on the high-rise building fires are related to people, objects, environment, technology and 
management, and so on. Then by the analysis, induction and summarization, nine root events are showed, more the 
importance degree is analyzed using the minimal cut set method, which gives the way to reduce the high-rise building fires. 
(2) According to the factors that probably result in the fire, the scientific, objective, targeted safety countermeasures are 
proposed from the safety technology and management, which can afford the decision-making foundation effectively. 
Based on current conditions on the high-rise building evacuation, it is difficult to evacuate all of the people to the safe 
area, so the elevator evacuation is discussed in the certain condition, more the running conditions on the elevator and two 
running rules are proposed, then the stairs and elevator evacuation model is showed,. So the results have a positive effect on 
the effective evacuation on the high-rise building. 
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